The neutrophil neutral serine proteases (NSP) are a family of antimicrobial glycoproteins. Four members of the NSP family have been identified in neutrophils: cathepsin G, leukocyte elastase, p29b, and azurocidin and the related or identical molecule CAP37 (azurocidin/CAP37) (3, 8, 9, 12, 16) . The natural substrates for the enzymatically active NSP are unknown (15) . The bactericidal function of one NSP, cathepsin G, probably resides within discrete peptide domains (1) .
Reminiscent of most granzymes from cytotoxic T cells (4), azurocidin is enzymatically inert, and its catalytic serine is replaced by glycine (16) . CAP37, a molecule which exhibits amino-terminal-sequence homology with azurocidin (first 20 amino acids), is also enzymatically inert and possesses a serine substitution for the catalytic histidine (3, 9) . Unlike leukocyte elastase, cathepsin G, and p29b, neither azurocidin nor CAP37 binds diisopropyl fluorophosphate (3, 9) .
Both cathepsin G and elastase kill Capnocytophaga spp. (5) . The killing of Capnocytophaga spp. by cathepsin G is dependent upon an intact enzyme active site, whereas the killing of most nonoral bacteria is not (5, 6) . Recently, it has been observed that the killing ofPseudomonas aeruginosa is also dependent upon an intact enzyme active site, indicating that the enzyme-dependent mechanism is more widespread than previously appreciated (14) . Both enzyme-dependent and enzyme-independent bactericidal activities are inhibited by plasma antiproteases (6) . Azurocidin/CAP37 exhibits potent antimicrobial activities against nonoral bacteria (3, 12, 16) , and we wanted to determine whether it exerted bactericidal effects against periodontal bacteria.
The preparation of human neutrophils, granules, and granule extracts, the fractionation of granule extracts by gel filtration on Sephadex G-100 (Pharmacia-LKB Biotechnology, Piscataway, N.J.), the subfractionation of elastasecontaining Sephadex G-100 fraction C (which was microbicidal) into subfractions CO through C5 by cation-exchange chromatography on a Mono-S HR 5/5 column (Pharmacia-LKB) (pH 4.7), and cationic polyacrylamide gel electrophoresis (CAT-PAGE) were performed as previously described (7) . Subfraction C5 exhibited microbicidal activity and contained elastase, azurocidin, and unidentified components (7) . Subfraction C5 (total protein, 1,925 ,ug, as assessed by the * Corresponding author.
Coomassie dye-binding method of Bradford [2] ) was refractionated by cation-exchange chromatography by using
Mono-S equilibrated with 50 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) (pH 8.2) and eluted with a concave 0 to 2 M NaCl gradient (0.5 ml/min). For this purification, a portion of Sephadex G-100 fraction C and Mono-S subfraction C5 were inactivated with phenylmethylsulfonyl fluoride (Sigma Chemical Co., St. Louis, Mo.) (20 pg/ml). Three asymmetric peak areas were obtained, and they were designated CSA through C5E as shown in Fig. 1 . Pooled C5A and C5B contained less than 2% (38 ,g) of the total protein. Pooled CSC, the major peak obtained byA220, contained 37% (718 ,ug) of the total protein and was identified as elastase by both CAT-PAGE and N-terminal-sequence criteria. The remaining 61% of protein in subfraction C5 was contained within C5D and CSE, which accounted for 389 and 781 p,g of protein, respectively. C5D and C5E were analyzed by CAT-PAGE (Fig. 2 ). Seven Coomassie-stainable bands were revealed, four in C5E and six in CSD (three bands were shared by both pooled fractions). Amino acid composition analysis of pooled fractions CSD and CSE revealed negligible tyrosine residues, consistent with their low A2w values relative to that of the pooled fraction C5C. The four major bands (bands 1 through 4) and a pool of the three minor bands (bands 5 to 7) were electroeluted by presoaking the bands for 3 h in sodium dodecyl sulfate (SDS)-2.1% PAGE-20 mM ammonium bicarbonate and applying a current (10 mA) for 3 h in 0.1% SDS-20 mM ammonium bicarbonate by using a model 1750 electroelution tank (ISCO Inc., Lincoln, Nebr.). N-terminal amino acid analysis was performed by automated Edman degradation (Porton Instruments, Inc., Tarzana, Calif.). All bands exhibited N-terminal sequences distinct from other neutrophil NSP (elastase, cathepsin G, and p29b) and identical to the sequences reported for azurocidin (Table 1) . Pooled fraction CSE exhibited a molecular mass range of 25 to 29 kDa, and CSD exhibited a higher range of molecular mass (28 to 36 kDa), as assessed by SDS-PAGE (data not shown). Azurocidin is known to consist of at least three glycoisomers (16) . The size heterogeneity we observed would explain the reported disparity between the molecular weights of azurocidin and CAP37 (3, 9, 16) . Also, it may explain why CAP37 is reportedly a fairly minor azurophil granule protein but azurocidin is a major azurophil granule protein (3, 11) . CAP37 is probably a purified high-molecular- Azurocidin eluted as a complex peak which was more cationic than elastase. Because of the relatively few aromatic ammno acids in azurocidin, the 280-nm peak heights are deceptively low compared with those of elastase.
weight isomer of azurocidin. C5E was used throughout the remaining experiments as azurocidin.
Bactericidal assays were performed as previously described (5) by using ionic conditions which we believed would reflect those of the initial, alkalinized phagolysosome and the late-stage, mildly acidified phagolysosome (11) . In preliminary studies, we tested the effect of pH on the (16) .
bAmino acids: A, alanine; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; V, valine; W, tryptophan; Y, tyrosine.
azurocidin against E. coli ML-35, Capnocytophaga sputigena ATCC 33123, and A. actinomycetemcomitans at pH 5.5. Again, no microbicidal effects were observed, although the growth of E. coli was impeded to some extent. Thus, our oral bacteria appear to be somewhat resistant to azurocidin, which is not unusual since Proteus mirabilis, Proteus vulgaris, Serratia marcescens, and various bacilli, staphylococci, and streptococci also are reported to be resistant to CAP37 (12) .
The above results were somewhat perplexing because our previous studies had demonstrated that subfraction C5 was bactericidal against C. sputigena ATCC 33123 (7). We estimated that subfraction C5 was about two-thirds azurocidin and one-third elastase, and therefore, we suspected that azurocidin may work in concert with elastase (or other NSP) to exert an antimicrobial effect against oral bacteria. Accordingly, we tested the interaction of azurocidin with commercially purified elastase and cathepsin G (Biodesign International, Kennebunkport, Maine). Killing was observed when sublethal concentrations of elastase (10 jig/ml) were combined with azurocidin at a concentration of 100 p,g/ml (Fig.   3A) . The interactive antimicrobial effect of elastase and azurocidin was reproducible (observed in six of six other experiments) and could be blocked by a2-macroglobulin (Sigma Chemical Co.) and the elastase-specific inhibitor N-methoxysuccinyl-alanylalanylprolylvalyl chloromethyl ketone (Sigma) at 10 p,g/ml, a concentration which inhibits at least 98% of enzyme activity after 15 min (data not shown). The synergistic antimicrobial activity of elastase and azurocidin was also blocked by concentrations of NaCl greater than 20 mM. A similar synergistic interaction was observed when cathepsin G (10 p,g/ml) and azurocidin (100 p,g/ml)
were combined (Fig. 3B) .
These studies reveal an enzyme-dependent interaction among the neutrophil NSP. Although speculative, several possible explanations exist. We hypothesize that the NSP serve as their own substrates (rather than operating enzymatically upon vital bacterial targets). We favor this explanation because autoreactivity is pervasive in immune and hematologic systems, and this is particularly true for the serine proteases. For example, serum complement is a host defense system in which seine proteases interact with other host molecules (including other serine proteases) in order to exert an antimicrobial effect. Enzymatic activities of the neutrophil NSP may expose sequestered antimicrobial domains which are sequestered because they are toxic to host tissues. We are presently trying to determine the nature of (i) the enzyme-dependent microbicidal activities of the NSP and (ii) the interaction between azurocidin and other neutrophil NSP. 
